Abstract. The application of modeling and simulation techniques is increasingly common in preclinical stages of the drug discovery and development process. A survey focusing on preclinical pharmacokinetic/ pharmacodynamics (PK/PD) analysis was conducted across pharmaceutical companies that are members of the International Consortium for Quality and Innovation in Pharmaceutical Development. Based on survey responses,~68% of companies use preclinical PK/PD analysis in all therapeutic areas indicating its broad application. An important goal of preclinical PK/PD analysis in all pharmaceutical companies is for the selection/optimization of doses and/or dose regimens, including prediction of human efficacious doses. Oncology was the therapeutic area with the most PK/PD analysis support and where it showed the most impact. Consistent use of more complex systems pharmacology models and hybrid physiologically based pharmacokinetic models with PK/PD components was less common compared to traditional PK/PD models. Preclinical PK/PD analysis is increasingly being included in regulatory submissions with~73% of companies including these data to some degree. Most companies (~86%) have seen impact of preclinical PK/PD analyses in drug development. Finally,~59% of pharmaceutical companies have plans to expand their PK/PD modeling groups over the next 2 years indicating continued growth. The growth of preclinical PK/PD modeling groups in pharmaceutical industry is necessary to establish required resources and skills to further expand use of preclinical PK/PD modeling in a meaningful and impactful manner.
INTRODUCTION
Drug discovery and development has been plagued by clinical attrition rates exceeding 90%, where the primary cause was identified by Kola and Landis (6) as lack of efficacy and unexpected safety findings. The authors highlighted that, while poor pharmacokinetics was identified as a main cause for drug attrition in the early 1990s, this was no longer a leading cause for attrition 10 years later. Advances in preclinical in vitro (9, 5, 10) and in vivo methodologies (13, 14, 5, 10) for predicting human pharmacokinetics served to reduce the drug failure rate due to poor pharmacokinetics such that, by 2000, lack of efficacy became the main cause of drug attrition. In an updated look at causes for drug failures in phase II (between 2008 and 2010; (1)) and phase III and drug submission (between 2007 and 2010; (2) ), lack of efficacy remained the primary cause of attrition contributing to 51% and 66% of drug failures, respectively.
The International Consortium for Innovation and Quality in Pharmaceutical Development (IQ Consortium) is an organization of pharmaceutical and biotechnology companies with the mission of advancing science-based and scientifically driven standards and regulations for pharmaceutical and biotechnology products worldwide. The need to improve an understanding of the drivers of efficacy was recently highlighted at the 2013 IQ Consortium Drug Metabolism Leadership Group managers meeting. In a survey conducted at the meeting, >90% of the attendees agreed that an "in-depth understanding of drivers of efficacy, including biomarkers and translational sciences" would lead to the greatest advances in drug discovery and development over the next 15 years. Pharmacokinetic/ pharmacodynamic (PK/PD) modeling and simulation is an important tool that can provide a better understanding of drug efficacy at an earlier stage in the drug discovery and development process.
PK/PD analysis involves the use of mathematical functions to quantitatively interrelate drug behavior and its' effects on the biological system of interest. This type of analysis is particularly helpful in understanding exposureresponse relationships where there are apparent disconnects in drug concentration and effect related to temporal delays in drug action. In addition, mechanism-based PK-PD models allow the quantitative assessment of known species differences in factors such as pharmacokinetics or in vivo drug potency, and enable a more robust characterization of concentration-pharmacodynamic/effect relationships from frequently variable in vivo preclinical efficacy data. More recently, there has been an increase in reports describing the utility of PK/PD analysis to help interpret and translate the results of preclinical studies to human (11, 3, 7, 8, 15-17, 4, 18) . Finally, the establishment of PK/PD models enables integration of all available data and allows for leveraging of these data for prospective simulations. Just as an early assessment of preclinical pharmacokinetics helped to reduce drug failures due to poor human pharmacokinetics in the 1990s, a better understanding of drug effect using preclinical pharmacokinetic/pharmacodynamic analysis offers an important tool to potentially reduce drug attrition due to a lack of efficacy.
The IQ PK/PD Discussion Group (PK/PDDG), consisting of representatives from 17 pharmaceutical companies, was formed by the IQ Consortium Drug Metabolism Leadership Group as a means to promote innovation through sharing of best practices involved with preclinical PK/PD analysis. The PK/ PDDG identified a clear need to better understand the landscape of preclinical PK/PD analysis in pharmaceutical industry. Therefore, a survey focusing on preclinical PK/PD analysis was conducted across IQ member companies. This communication presents the survey results and attempts to provide insights on the current state of preclinical PK/PD analysis in pharmaceutical industry including barriers that may impede its broad use in an impactful manner.
METHODS
The results presented in this communication were obtained by conducting an industry wide survey of pharmaceutical companies that are members of the IQ Consortium. Survey questions were provided and edited to their final form by members of the IQ Consortium PK/PDDG. The types of questions included single/multiple choice, dichotomous (e.g., yes/no), rank questions, and open-ended or free text. The final survey consisted of 49 questions aimed to gather information in five different areas: demographics, organizational structure, operating logistics, applications, and impact/ perspectives. In some instances, certain questions had a small degree of overlapping information but were collated in the area that provided the best context to the question. "Demographics" questions provided information about the general characteristics of the pharmaceutical companies and the composition of the groups responsible for preclinical PK/PD modeling. "Organizational structure" questions focused on gathering information regarding how preclinical PK/PD groups fit within the organizational structure of various pharmaceutical companies. "Operating logistics" questions provided information on practical operational aspects of preclinical PK/PD modeling groups. "Application" questions gathered information on how preclinical PK/PD modeling is being utilized in each company and in which therapeutic areas. Finally, "impact/perspectives" questions assessed how preclinical PK/PD modeling is perceived within each company, its place in the company's decision-making processes, its impact on project progression, and the challenges for implementation of preclinical PK/PD modeling throughout the drug discovery and development process.
The survey was conducted using an online questionnaire and survey software (SurveyMonkey; www.surveymonkey.com) and sent to representatives of IQ Consortium member companies that agreed to participate in the survey. Each representative was responsible for providing responses that were reflective of the company as a whole since only one response was collected from each company. The collection of responses occurred over an approximately 1-month period (October 17, 2013 to November 15, 2013) . All responses to the questionnaire were kept anonymous. Data analysis and graphs were generated using Microsoft Excel v10 (Microsoft Corporation, Redmond, WA, USA). In some cases, data analysis was performed to see if company size impacted survey responses. Data analyses that considered company size compared pharmaceutical companies with ≤10,000 employees (designated as small to mid-sized companies) to pharmaceutical companies with >10,000 employees (designated as large companies). This division of companies into two groups was due to the lower number of companies with <10,000 employees participating in the survey (7 of 22). Finally, the authors reviewed survey responses as a group and provided potential reasons as to why certain trends were observed. These thoughts have been included in the manuscript and may result in a certain level of bias in the discussion of survey results. However, the authoring group is a reasonable representation of individuals involved in preclinical PK/PD analysis in pharmaceutical industry so these opinions serve to provide context to survey results.
RESULTS AND DISCUSSION
Despite the perceived importance of PK/PD in the discovery and development of new medicines, there have been a limited number of surveys assessing the current state of PK/PD modeling in pharmaceutical industry. A recent survey by Vlasakakis et al. (12) surveyed the landscape of drug and disease modeling and simulation in both academia and industry. However, the focus of that survey was to gather information to develop a framework of competencies to guide future training of PK/PD scientists in both academia and industry. To our knowledge, the survey described in this manuscript serves as the first to specifically examine the state of preclinical PK/PD analysis in pharmaceutical industry. The survey results have been grouped into the following sections: demographics, organizational structure, operating logistics, applications, and impact/perspectives.
Demographics
Survey results were gathered over an approximate 1 month period during which responses were received from 22 pharmaceutical companies. The breakdown of the size of the pharmaceutical companies that participated in the survey is shown in Fig. 1 .
The majority of the survey respondents were from companies with >10,000 employees (~68%). This is reflective of the composition of IQ Consortium membership, which consists largely of major pharmaceutical companies with research units based in the USA.
With the rise in the development of biologics by pharmaceutical companies, we wanted to gather information on whether or not a research focus on traditional small molecules vs biologics influenced the use of preclinical PK/PD modeling. Figure 2a shows that currently the majority of the US-based pharmaceutical companies (68%) focus their efforts on both small molecules and biologics, which is reflective of the trend to diversify portfolios especially in large pharmaceutical companies. Based on the large proportion of companies with mixed small molecule and biologics focus, we were unable to examine the effect of research focus on the use of preclinical PK/PD modeling. Of interest, small to midsized pharmaceutical companies (≤10,000 employees) appeared to work primarily on small molecules (71%; Fig. 2b ) compared to large pharmaceutical companies (>10,000 employees), which focused on both classes of therapies (86%; Fig. 2c ). Such a trend may be related to a smaller amount of resources and expertise in small to mid-sized companies limiting diversification.
The breakdown of clinical and preclinical PK/PD modelers is shown in Fig. 3 . Companies appeared to have more clinical modelers compared to preclinical modelers with 50% of the companies involved in the survey having >10 clinical modelers compared to~33% of companies having >10 preclinical modelers. No difference in this trend was observed when examining the small to mid-sized vs large companies. It is not possible to explain the reason for the difference in the number of preclinical vs. clinical modelers based on the responses of the survey. However, the greater number of clinical modelers may be reflective of an evolution of PK/PD modeling from the clinical to preclinical area similar to what occurred during the implementation of pharmacokinetics in pharmaceutical industry. In addition, the nature of the work in the clinical vs the preclinical space is different with analyses of clinical trial data often being more labor intensive and thus requiring more modelers. However, it appears that the majority of companies (~59%) intend to increase the number of preclinical modelers in the next 2 years, highlighting the investment in preclinical modeling by IQ member companies (Fig. 3) . The growth appears to be largely in large companies (>10,000 people) with 73% of large companies, indicating an expected increase in the number of modelers vs only 29% of small to mid-sized companies indicating an expected increase. Overall, preclinical PK/PD modeling is increasing in demand. Preclinical PK/ PD modelers come from a variety of backgrounds (Fig. 3d) . By far, the most common background of preclinical PK/PD modelers is pharmacokinetics/pharmaceutics with all companies having preclinical modelers with this background. The background is likely to be linked to the most common training for scientists working in preclinical Drug Metabolism and Pharmacokinetics (DMPK) departments since many modelers are members of DMPK departments and are closer to the projects and the biological issues (see below).
Organizational Structure
The results of survey questions focused on gathering information on how preclinical PK/PD modelers are organized are shown in Figs. 4, 5, 6, and 7. The results indicate that, in general, for the majority of the companies, preclinical PK/PD modelers (91%) are members of a DMPK department/group (Fig. 4) . All small to mid-sized companies participating in the survey indicated having PK/PD modelers in DMPK. Surprisingly, two large companies did not report having any preclinical PK/PD modelers in their DMPK groups. In addition to DMPK, a large percentage of pharmaceutical companies indicated having preclinical PK/ PD modelers reside in the clinical pharmacology/translational sciences (41%) and modeling and simulation (23%) groups (Fig. 4) . The presence of preclinical modelers in clinical modeling groups is not surprising since clinical modeling groups were likely established earlier than their preclinical counterparts. A lower percentage of large companies had preclinical PK/PD modelers in these two groups external of DMPK compared to small to mid-size companies (47% vs 84%). In most large companies, preclinical groups (such as DMPK) are likely to be resourced sufficiently such that there is less reliance on groups that traditionally support clinical PK/PD to be involved with the preclinical modeling.
Half of the companies that participated in the survey reported having formal PK/PD or modeling and simulation (M&S) group(s) within their organizations (Fig. 5a ). The majority of these companies (92%) having a formal M&S group(s) reported that these formal M&S group(s) report into the DMPK group. A smaller percentage of the companies also indicated that the M&S group(s) reported into clinical pharmacology, translational sciences, and/or quantitative sciences groups (Fig. 5b) . For pharmaceutical companies with a formal PK/PD or M&S group, this group is most commonly centralized (~59%) or organized into groups depending on geographic regions (29%) (Fig. 6a) . This difference in organization may reflect differences in how the drug discovery organizations are arranged with some companies finding more efficiency in pooling modeling resources into one group (global), whereas others prefer closer contact to the "end users" (local). Furthermore, some companies may only be in one geographic region. An examination of trends between larger vs small to mid-sized companies shows that larger companies seem to have a slight preference for a centralized preclinical PK/PD group (67% for larger companies vs 40% for small to mid-sized companies).
More companies have preclinical PK/PD modelers that are an integral part of the project team (64%) rather than acting as a "service provider" (36%) (Fig. 6b) . This partition was independent of company size. This percentage differs from the percentage of companies with formal PK/PD group(s) (Fig. 5a ) where one would expect more "service provider" type project support by formal groups. Direct integration of modelers into project team likely increases their effectiveness. Thus, there is likely some integration into discovery project teams even for companies with formal PK/ PD groups.
In general, dedicated preclinical PK/PD modelers are a minority within the companies that responded to the survey (Fig. 7) . Only two large companies (9.5%), both with over 10,000 employees, reported that their preclinical PK/PD modelers were fully dedicated to modeling and simulation work, while the other 19 companies reported that their preclinical PK/PD modelers had other responsibilities beyond providing modeling and simulation support. Out of these 19 companies, 11 indicated that their modelers were also DMPK representatives in project teams. Interestingly, the two companies with dedicated preclinical PK/PD modelers did not report having a formal PK/PD or M&S group to support preclinical PK/PD modeling within their organizations. Fig. 2 . Pie charts indicating proportion of pharmaceutical companies working on small molecules, biologics, or both small molecules and biologics (mixed). a Pie chart for all companies (n=22) responding to survey, b small to mid-sized companies (≤10,000 employees; n=7), and c large companies (>10,000 employees; n=15)
Overall, these results indicate that, in general, preclinical PK/ PD modeling and simulation is not a dedicated activity, but an expected and desired skill for members of the DMPK groups. In most companies (59%), preclinical PK/PD modelers handle three to four projects at one time (Fig. 7) . The number of projects assigned to modelers seems to be independent of company size.
Operating Logistics

Timing
The most common response from companies (approximately half) was that preclinical PK/PD modeling and simulation activities were initiated during the "late lead optimization" stage (Table I , question A1). This was true for both large and small to mid-size companies. The timing reflects the stage of drug development where an adequate amount of information is known about a specific molecule to enable preclinical PK/PD analysis. Typically, any modeling efforts occurring earlier than this stage would only be performed on a "tool" or "benchmark" compound if one was available and suitable to characterize in an in vivo PK/PD or efficacy model. However, it is fairly common that such a "tool" or "benchmark" molecule does not exist at stages earlier than late lead optimization especially for novel therapeutic targets. The amount of preclinical modeling that occurs during "post-IND" and "clinical development" is expected to be less since clinical biomarker and pilot efficacy data is often available post-IND from clinical trials, and is of greater relevance. In~18% of companies, the initiation of preclinical PK/PD modeling is dependent on the disease area (Table I, question A1 ). This may be related to differences in the availability and/or suitability of preclinical in vivo efficacy or PK/PD models for various therapeutic areas.
More companies reported that PK/PD modeling was planned ahead of time with input from modelers on study design (64%) rather than without input from modelers (36%) ( Table I , question A2). Interestingly, the same percentage of companies responded that preclinical PK/PD modelers were an integral part of the project team vs being "service providers" (Fig. 6b) . Based on personal experiences and observations, the authors felt that the responses to these two questions were linked since a consequence of including modelers into the project teams is that they are aware of and assist in the design of preclinical efficacy studies such that the data that are acquired are suitable to build quantitative PK/PD models.
Standardization and Information Transfer
A cursory look at preclinical modeling practices suggests that companies in general (>90%) are attempting some form of standardization or overlap of practices. In the majority of companies (58%), there appears to be some overlap in modeling practices by each particular therapeutic area; however; each therapeutic area can develop their own practices (Table I , question B1). Some individuality of preclinical modeling practices may exist as preclinical biology models for each therapeutic area likely differ in terms of experimental design, biomarkers, and relevance to human disease.
An examination of standardization and transfer of knowledge between preclinical and clinical PK/PD modeling groups suggests that most companies (>60%) attempt to ensure that information is transferred as there appears to be either shared databases or transfers/hand offs of information when the drug candidates advance from the preclinical to the clinical space (Table I, question B2 ). This appears to be an area that requires further development since there is a third of companies (33%) where any type of knowledge transfer (Table I , question B2). Lack of a formal process for knowledge transfer appears to be more prevalent for small to mid-sized companies (50%) compared to large companies (25%).
Data Source
Although both in vitro and in vivo data are being utilized for preclinical modeling, the primary dataset for preclinical modeling appears to be derived from in vivo studies (86%) ( Table I , question C1). Only three companies, all of which were small to mid-size companies, responded that their primary dataset for PK/PD modeling was in vitro. Since in vitro studies are in general less costly than in vivo studies, this observation might again be a reflection of a budgetdriven decision than a strategic one. Most of the in vivo data used for preclinical PK/PD modeling is still generated inhouse based on the low percentage of companies responding that data for preclinical PK/PD modeling is mostly generated at CROs (9.1%) (Table I, question C2). There appeared to be less of a reliance on CROs from large pharmaceutical companies with 60% of large companies, indicating that data came mostly from studies performed in-house.
Finally, we looked at differences in how the preclinical and clinical modeling groups utilized outsourcing for PK/PD analyses (Table I , questions C3 and C4). Overall, it appears that more outsourcing was performed by the clinical (~35%) rather than the preclinical modeling groups (~13%). Potentially, there are a number of reasons why this trend exists. First, the nature of modeling clinical data sets may play a role. Modeling of clinical data sets requires more standardization, and often, the analyses are laborious and operate under fixed timelines, and with well-vetted analysis strategies. These characteristics make outsourcing more amenable for clinical PK/PD data analyses. In addition, the establishment of specialized clinical modeling groups likely preceded the establishment of the analogous preclinical modeling groups, leading to a natural establishment of several capable outsource providers. Therefore, the higher amount of outsourcing may be related to how long clinical PK/PD groups have been operating. It may be of interest to see if this trend remains the same over time. No consistent trend in outsourcing was observed when comparing large companies to small and mid-sized companies.
Software
In order to understand which software is being utilized for preclinical PK/PD modeling, a question was included to survey the prevalence in use of various software packages (Table I , question D1). Phoenix/WinNonlin (100%), SIMCYP (86%) and NONMEM (77%) appear to be the most widely used software packages by scientists in pharmaceutical industry for preclinical PK/PD modeling.
Applications
Responses to the survey indicate that preclinical PK/PD modeling is used by almost all companies involved with IQ and widely used by most companies (~68%) in all therapeutic areas (Table II, question A) . Overall, the preclinical PK/PD modelers appear to be quite well integrated with the translational biology/pharmacology groups as preclinical modelers in most companies (~67%) have some influence over the study design on preclinical pharmacology studies. The response is consistent with a similar question (Table I, question A2) described in an earlier section of the survey. However, there is room for improvement as modelers in approximately a third of the companies have little or no influence over study design (i.e., selection of either "rarely" or "never" as responses to question B in Table II ).
It appears that preclinical PK/PD modeling support is provided to almost all functions that are involved in the drug discovery setting based on the response to question C in Table II . Preclinical modeling support is mostly provided in the context of a project team (~91%), whereas support provided to all other functions appears to be evenly distributed ranging from 41% (biology) to 68% (clinical pharmacology and in vivo pharmacology). Approximately 14% of companies supplied preclinical modeling PK/PD support to other functions that were not specified in the survey response. These functions include medicinal chemistry, pharmaceutics, and imaging. The primary goal of preclinical PK/PD analysis for all companies (100%) appears to be selection/optimization of doses and/or dose regimens, including prediction of human efficacious doses. This was followed by "comparison with competitor compound" (64%) and "assess optimal target engagement" (59%) (Table II, a The written responses supplied by those who selected "Others" are shown in the parentheses question D). These responses are consistent with preclinical PK/PD modeling being used in the context of a project team since these activities provide very important information used to select and advance drug candidates to the clinic, which is the primary goal of drug discovery project teams. Of the various therapeutic areas supported by preclinical PK/PD modeling, oncology was clearly most supported (~41% ; Table II , question E). This was followed by neuroscience and metabolic disorders (both~14%). Accordingly, the therapeutic area where preclinical PK/PD modeling showed the most impact was in oncology (38%) followed by neuroscience (~14%) and metabolic disorders (~14%) (Table II, question G). Dose and schedule are of critical importance for the development of oncology agents. Therefore, the high use of preclinical PK/PD modeling in oncology is in line with the response from all companies that primary goal of preclinical PK/PD modeling is "selection/optimization of doses and/or dose regimens, including prediction of human doses." The therapeutic area that was least supported by PK/ PD modeling was "neuroscience" at 35% (Table II, question  F) . Surprisingly, neuroscience was also among the therapeutic areas where modeling was the most supported and most impactful as discussed above. Based on these responses, it appears that some companies perform preclinical PK/PD modeling using neuroscience data where others are of the view that there is little value gained. The results may also be reflective of the specific CNS disease that each company is working on and the degree of translatability to man of the particular preclinical CNS disease models being used.
In contrast to the wider use of preclinical PK/PD modeling, the majority of the survey participants (~86%) indicated systems pharmacology models are only "sometimes" used (Table II , question H). The majority of systems pharmacology users reside in DMPK (52%), which suggests that responses include the use of commercial software such as SIMCYP and GastroPlus, which are physiologically based pharmacokinetic (PBPK) modeling software often included under the broader systems pharmacology umbrella (Table II , question I). The lower frequency of use of systems pharmacology models compared to preclinical PK/PD models may relate to the larger amounts of compound specific information needed to build a systems pharmacology model as well as the relative "infancy" of the discipline in pharmaceutical industry. Large amounts of compound specific information are often not available early on in the drug discovery process. In addition, information around new biological targets is typically incomplete and thus serves to impede the development and implementation of systems pharmacology models.
It appears that use of hybrid PBPK models with PK/PD components (PB/PK/PD) is gaining interest as a large number of companies indicated some use of PB/PK/PD modeling based on the large combined responses of either "sometimes" (72.7%) or "often/always" (4.5%) (Table II, question J) . However, the low number of companies selecting "often/ always" indicates that this practice of using PBPK modeling in combination with preclinical PK/PD analysis is not commonplace. In addition, 43% of the small to mid-size companies indicated that PBPK is never combined with PD measurements, compared to only 13.3% in larger companies. This can be explained by the fact that PBPK models require a large amount of data and expertise to develop, which may impede its common use with PD measurements, especially in smaller sized companies. In addition, commercial PBPK software are generally more expensive compared to traditional PK/PD software, so this observation may simply reflect the ability of larger companies to afford PBPK software.
Impact/Perspectives
Generally, it appears that preclinical PK/PD modeling is fairly established and growing in the IQ companies that responded to the survey with all companies viewing preclinical modeling as either "very important" or "somewhat important" (Table III , question A). Larger companies more frequently viewed preclinical modeling as "very important" with approximately double the number of responses from large companies when compared to smaller organizations (53% vs 28%). This slight difference may be due to more resourcing to perform this work in large organizations.
Considering the primary goal of pharmaceutical companies is to discover and develop new medicines, a potential area of growth could be in the application of preclinical PK/ PD modeling with a particular emphasis towards influencing the drug development process. Currently, in only approximately a third of the companies (32%), preclinical PK/PD modeling appears to "always" impact the decision-making process in drug development (Table III, question B) . Approximately 59% of the companies responded that preclinical modeling sometimes has an impact on decision making and the remaining 9% of the companies view the data as being largely descriptive in nature and rarely has any influence on decision making. Larger pharmaceutical companies appear to value the use of preclinical PK/PD modeling and its impact/influence on decision making more compared to small to mid-sized companies based on a higher percentage of responses indicating that it "always" impacts the decision making process (40% vs 14%). There appears to be no relationship between therapeutic area that preclinical PK/PD modeling is most impactful and its influence on the decisionmaking process as all companies that replied "always" for question B in Table III found its use to be most impactful across different therapeutic areas (data from responses to question G in Table II) . Preclinical PK/PD modeling is on critical path for molecule advancement in more than half of the companies surveyed at~64% (Table III, question C) . However, this is double the percentage of companies that report PK/PD analysis always influencing decision making (Table III, question B) . A critical look at how these preclinical PK/PD analyses are used in the decision-making process is warranted in order to improve its effectiveness considering the large number of companies that have this activity on critical path.
An examination of factors impeding the implementation of preclinical PK/PD modeling suggests that multiple factors make implementation difficult (Table III, question D) . The factors that half of the companies identified as issues are the inability to "gain support from project/management team" and the lack of "time and resources for continuous training of staff." As many of the modelers reside in DMPK (Fig. 4) , it is possible that the preclinical PK/PD modeling efforts grew out of existing DMPK groups. Typically, only advanced or "tool" compounds have enough existing data to perform modeling analysis. As such, preclinical modeling may not be a regular activity on projects, and therefore, obtaining support from the project team and management to get adequate resource to perform such analysis may be prohibitive.
On the regulatory front, it appears that preclinical PK/ PD modeling is increasingly being included in regulatory packages, with approximately 73% of companies including these analyses in regulatory submissions at some point for particular projects (Table III , question E). Inclusion of preclinical PK/PD modeling in regulatory submissions appears more prominent in larger compared to smaller companies, with only 13% of large companies never including these data in regulatory packages compared to 57% for smaller companies. When asked whether inclusion of preclinical PK/ PD modeling as a trend would increase in regulatory submissions, companies surveyed were evenly split between answering "yes, certainly" and "maybe, not sure" (Table III, question F). The use of preclinical PK/PD modeling to inform phase II POC study design appears to be company and likely therapeutic area dependent (Table III , question G). Only 14% of companies use preclinical PK/PD modeling to "always" inform phase II proof of concept (POC) study design. For other companies, its use for phase II appears to be inconsistent and likely dependent on the particular project as the majority of the surveyed companies (~77% combined) responded with "sometimes, if the models are available" or "not very often, even when models are available." Finally, the majority of companies (86.4%) have seen preclinical PK/PD modeling have an impact in drug development (Table III,  question H) . Approximately half of the companies surveyed (~48%) have had regulatory interactions with the FDA regarding preclinical modeling of some form (Table III , question I). Most of these interactions occurred prior to phase II likely because preclinical data typically becomes less informative as more and more clinical data are collected (Table III, question J) .
CONCLUSION
Preclinical PK/PD modeling is widely used in pharmaceutical industry with the most common goal of these analyses being to enable the selection/optimization of human doses and/or dose regimens, including prediction of human efficacious doses. However, the consistent use of more complex models including systems pharmacology and hybrid physiologically based pharmacokinetic models with PK/PD components was less common compared to traditional PK/PD models. Preclinical PK/PD analysis is increasingly being included in regulatory submissions with~73% of companies including these data to some degree. Most companies have seen impact of these preclinical analyses in drug development. The continued growth of preclinical PK/PD modeling groups in pharmaceutical industry is necessary to establish the required resources and skills to further expand the use of preclinical PK/PD modeling in an impactful manner.
